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light. At present, chemiluminescence is not the method of choice for any of
the analytes listed in Table 1.

Atomic emission spectroscopy can be employed, generally with an in-
ductively coupled plasma for thermal excitation. The sample is introduced
into the plasma as a rnist of ultrafine droplets, and the monochromator and
detector are set to measure the intensity of an atomic emission line charac-
teristic of the element. This technique is powerful, general, sensitive, lin-
ear, and able to measure over 70 elements, and, as a result, is widely used.
Response is typically linear over four orders of magnitude in concentration
with relative standard deviations of 1 to 3%. In low-salt aqueous solutions,
detection limits range from. 10 to 1000 nanomolar without preconcentration.
Significant problems with saline samples remain, but use of Babington nebulizers
alleviates these problems somewhat.

All of these emission techniques have been used to analyze seawater,
but their suitability for use at sea or in situ varies. Inductively coupled
plasma emission spectroscopy permits determination of 60 elements se-
quentially or simultaneously with good sensitivity and precision; however,
it is not sensitive enough for some of the rare earth elements and trace
metals without pre-concentration, and is obviously unsuited for molecules.
While inductively coupled plasma techniques are unsuited for in situ use,
they have been integrated into flow injection and chromatographic systems.
Incorporation of extraction and preconcentration into a continuously operat-
ing system appears difficult. Probable future developments in this technol-
ogy include improvements in sample introduction to the plasma, particu-
larly with techniques such as capillary electrophoresis and supercritical fluid
chromatography; optical improvements such as multichannel high-sensitiv-
ity detectors and acousto-optic tunable filters; Fourier transform-based
instrumentation; and improved chemical methods for extraction and pre-
concentration.

Optical and laser technologies also offer the prospect for improvements
in fluorescence and phosphorescence determinations. An important devel-
opment is the use of fluorescence and phosphorescence with optical fiber
sensors.

Raman

Raman spectroscopy is based upon the Raman effect, in which a frac-
tion of light incident on a sample will scatter at wavelengths differing from
that of the original wavelength. The change in frequency is determined by
the composition of molecules in the sample. Thus, a sample of water ex-
cited with light having a wavelength of 400 nanometers will emit scattered
light not only at 400 nanometers but also at a trio of longer wavelengths
(near 463 nanometers), whose frequency difference from the excitation cor-